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We investigated the developmental aspect of sensitivity to the orientation of familiar faces by 
asking 38 adults and 72 children from 3 to 12 years old to make a preference choice between 
standard and mirror images of themselves and of familiar faces, presented side-by-side or 
successively. When familiar (parental) faces were presented simultaneously, 3- to 5-year-olds 
showed no preference, but by age 5–7 years an adult-like preference for the standard image 
emerged. Similarly, the adult-like preference for the mirror image of their own face emerged 
by 5–7 years of age. When familiar or self faces were presented successively, 3- to 7-year-
olds showed no preference, and adult-like preference for the standard image emerged by 
age 7–12 years. These results suggest the occurrence of a developmental process in the 
perception of familiar face asymmetries which is retained in memory related to knowledge 
about faces.
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exposure. Several lines of evidence suggest that the mere exposure 
effect is based on implicit memory (Seamon et al., 1995; Willems 
et al., 2002), even when preference choice is requested (Willems 
et al., 2002). This effect has proven to be a robust, reliable phenom-
enon and has been demonstrated using a variety of stimuli (for 
review, see Harrison, 1977; Bornestein, 1989). Studies including 
amnesic and prosopagnosic patients offer arguments for postulat-
ing that the mere exposure effect is an implicit memory manifes-
tation (e.g., Bremner et al., 2000). Here we have tested this effect 
in order to explore the sensitivity and memory of facial orienta-
tion during childhood. More recently, similar results were found 
in adults performing a discriminative recognition task, but not 
a preference task, which suggests that memory for familiar faces 
incorporates canonical or common views and a representation 
of facial configuration (Rhodes, 1986; Bredart, 2003; Brady et al., 
2004, 2005).
In addition to these findings in adults, developmental studies 
have suggested that face processing involves an innate system 
that guides attention to faces (Fantz, 1963; Johnson et al., 1991), 
and develops proficiency early and quickly during childhood, 
thus suggesting an interaction between nervous system matu-
ration and experience (Blaney and Winograd, 1978; Diamond 
and Carey, 1986; Ellis and Flin, 1990; Ge et al., 2008). In this 
way, face processing is thought to reflect a developmental pro-
gression in the encoding strategy, from the use of featural to 
configural (relational) information, partly as a consequence of 
experience. Particularly, this transition is thought to underlie 
the improvement in facial recognition performance from 5- to 
12-year-old children and the question is when this sensitivity 
becomes adult-like (Carey et al., 1980; Mondloch et al., 2006; 
Pascalis and Kelly, 2009).
IntroductIon
Faces are the most complex and frequently encountered social visual 
stimulus that has to be not only processed preferentially and rapidly 
compared to other categories of visual stimuli (Crouzet et al., 2010), 
but also accurately to ensure recognition. Human faces, however, are 
not symmetrical, and various studies have demonstrated a sensitiv-
ity to minor facial details and left-right asymmetries around the 
central axis which affects the recognition process related to facial 
likeness, identity, gender, attractiveness, and expression in adults. 
Such perceptual asymmetries in face information processing have 
to date been mostly reported with stimuli employing chimeric faces 
and the results obtained indicated a robust left perceptual effect 
(Burt and Perrett, 1997; Chen et al., 1997; Quinn et al., 2008). It was 
assumed that these effects may be due to a right hemisphere bias 
in the face recognition processing, or, according to other authors, 
derive from an interaction between a habitual directional eye scan-
ning bias and a cerebral lateralization (Ferber and Murray, 2005; 
Butler and Harvey, 2006).
Several studies, referring to the « mere exposure » hypothesis 
(repeated exposure of the individual to a stimulus object enhances 
his attitude toward it; Zajonc, 1968), have explored the role of 
experience in face processing, and demonstrated that adult facial 
memory includes a representation of left-right facial orientation. 
In pioneering experiments that investigated the representation of 
left-right facial orientation in adults, participants showed a sig-
nificant preference for the mirror image of their own faces, while 
their friends preferred the unreflected standard images (Mita et al., 
1977). Here, the stimulus that was seen more frequently received a 
more favorable evaluation in accordance with the mere exposure 
hypothesis, which supports the idea that subjects develop stronger 
preferences for objects that have become familiar through repeated 
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Our standardized protocol limited such a bias. Furthermore, in 
order to compare our developmental data (and those replicated 
in adult controls) to previous studies performed solely on adults 
(Mita et al., 1977), we employed a comparable protocol to test face 
presentation, i.e., with all facial attributes retained and not with 
cropped photos at the hairline.
In order to assess whether the children, and particularly the 
youngest subjects (3–5 years) truly understood the concept of 
the preference task, we designed a training task (Cooper et al., 
2006), composed of a series of dyads that included various items 
(for example, lollipop vs candy or gray fluff vs brown fluff…). 
Half of the 3–5-year-old child sample (12 out of 24) was tested 
in this task.
To ensure that differences were not due to specific features of 
the images themselves (symmetry of hairstyles or clothes, light…) a 
comparable paradigm was applied to a separate sample of 25 adults 
who were unfamiliar with the face presented. They were asked to 
view a series of 20 dyads that were randomly selected from those 
presented to the control adult groups.
Statistical analyses (SPSS, Chicago, IL, USA) was performed 
using tests of significance of binomial proportion.
results
In the adult group, when pictures were presented side-by-side, 
71% (27 of 38) preferred their own mirror image, a result that 
was significantly different from chance [p = 0.014, binomial (27, 
38, 1/2)]. Similarly, the proportion of adults who preferred the 
standard image of their friend (76%, 29 of 38) was statistically 
significant [p < 0.01, binomial (29, 38, 1/2)].
When pictures were presented successively, 71% of adult partici-
pants chose their own mirror image [p = 0.014, binomial (27, 38, 
1/2)] while 84% preferred their friend’s standard image [p < 0.001, 
binomial (32, 38, 1/2)]. The difference between the proportion of 
positive answers for « self » preference and « familiar » preference 
reached significance [32 and 27 respectively, Mc Nemar’s test, chi-
square = 12.1, with 1 degree of freedom (p < 0.001)], suggesting 
that memory of a friend’s face was stronger than self face memory 
in this condition.
Results from the three different child groups suggested a devel-
opmental progression in the differences between « familiar » face 
and « self » face preference (Figure 1).
When performing the training task (see Materials and Methods), 
all the 3- to 5-year-olds tested, immediately understood the task 
and had no difficulty in performing the preference choice. Indeed 
this was also the case for older subjects.
In the side-by- side condition, 46% of the 3- to 5-year-olds 
preferred the mirror image of themselves [p = 0.839, binomial 
(13, 24, 1/2)], and 62% preferred their parent’s standard image 
[p = 0.3, binomial (15, 24, 1/2)]. In contrast, the results from the 
5 to 7 years old group matched those from the adult sample. A 
significant 79% (19 of 24) of 5- to 7-year-old children preferred 
their parents’ standard image [p = 0.07, binomial (19, 24, 1/2)], 
and 75% (18 of 24) preferred their own mirror image [p = 0.023, 
binomial (18, 24, 1/2)]. In the third 7- to 12-year-old group, a 
significant 83% (20 of 24) preferred the standard image of their 
parents while 75% preferred their own mirror image [p = 0.023, 
binomial (18, 24, 1/2)].
New recent findings have supported the attractive idea that 
adult-like features of face processing are present much earlier in 
development, by the age of 4 years at the latest (McKone et al., 
2009). Furthermore, the role of face experience in the develop-
mental course of face recognition has been reinterpreted. On the 
basis of an innate system that provides a representational capacity 
for differentiating individual face structure, experience may then 
play a role in narrowing the range of facial subtypes for which 
discrimination is possible and perhaps also in increasing discrimi-
natory capabilities within the experienced range (for review see 
McKone et al., 2009).
Any developmental changes in sensitivity to left-right orienta-
tion may result from a precocious perceptual and memory capa-
bility. In the present study, therefore we investigated whether the 
perception and memory of facial asymmetries in the vertical axis 
is present early in development and if it follows the chronology of 
general facial recognition. In the context of the mere hypothesis, 
preference choice allowed us to compare response differences that 
were so slight that they were just barely accessible to the subject’s 
consciousness (Mita et al., 1977). This allowed us to explore the 
familiar aspect of the stimuli in children (Kunst-Wilson and Zajonc, 
1980; Bornstein, 1989), and the notion that children become pro-
gressively more sensitive to minimal face asymmetry between 3 
and 12 years of age.
MaterIals and Methods
One hundred and ten individuals participated in the experiment 
including, 38 adults (28–60 years, mean 42.3; 18 females and 20 
males) and 72 children (3–12 years separated in three groups: 24 
children from 3 to 5 years, mean 4.1; 24 children from 5 to 7 years, 
mean 6.0; 24 children from 7 to 12 years, mean 10.3; 40 females and 
32 males). The age groups were defined a posteriori, based on the 
emergence of a significant preference choice. Parental permission 
was obtained for each child, and in accordance with ethical guide-
lines, parents were assured that photographs would be used solely 
for the purpose of the experiment. The adult sample consisted of 
researchers in the same neuroscience department as the authors. 
Participants were paired with colleagues who worked in the same 
office for at least 1 year while children were recruited from a local 
leisure community center. The familiar face presented to the chil-
dren was a parent’s face.
Photographs were taken face-on with a neutral expression under 
symmetrical lighting and in front of a plain background. Each sub-
ject had to examine 4 dyads: standard and mirror images of self 
and of a familiar face presented successively and side-by-side. Each 
slide was presented for 4 s and separated by a black screen for 4 s. 
The position of the standard and mirror images as well as the order 
of presentation condition, i.e., side-by-side and sequentially, were 
randomized. We used dual presentation, since it was possible that 
the side-by-side presentation alone, could induce a comparative 
effect that would immediately reveal the mirror symmetry between 
the two views. Participants were requested at the end of each dyad to 
make a preference choice on first impression. We restricted our pro-
tocol to a 4-dyad presentation to avoid the possibility that multiple 
repetitive presentations of several faces progressively evoked ques-
tioning about the nature of the differences between the slides, which 
in turn would have progressively biased the subject’s responses. 
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When participants were asked to indicate the basis for their 
selection, they mentioned « better facial angle », « modified pho-
tographs », « better head tilt », « looks prettier, older »… They 
sometimes evoked unfounded differences, in thinking that pictures 
were modified (e.g., added wrinkles). When the purpose of the 
study was described, participants mentioned the exploration of 
differences in perception of minor face variation. Only six adults 
suggested symmetries or mirror-inversion effects. Reasons of choice 
were more difficult to explore with children. Some of them men-
tioned « hair style », « smiling or frowning », but none of them 
had thought of a mirror view. Data for all trials (successively and 
side-by-side), and groups are presented in Figure 1. The 25 control 
adults who were unfamiliar with the presented faces (see Materials 
and Methods) showed no significant differences in their preference 
choices between the standard or mirror images of the same face.
In the successive condition, 50% of 3- to 5-year-olds preferred the 
standard self image [p = 1, binomial (12, 24, 1/2)], and 62% preferred 
their parent’s standard image [p = 0.3, binomial (15, 24, 1/2)].
Similarly, 67% of the 5- to 7-year-olds preferred the mirror 
image of themselves [p = 0.152, binomial (16, 24, 1/2)], and 62% 
preferred their parent’s standard image [p = 0.3, binomial (15, 
24, 1/2)]. Preference choice appeared to differ significantly from 
chance only in the eldest group (7–12 years), for both dyads of 
self and familiar faces that were chosen respectively by 18 and 19 
of 24 children [p = 0.023, binomial (18, 24, 1/2), and (p = 0.007, 
binomial (19, 24, 1/2)].
In the side-by-side presentation condition, we found no signifi-
cant differences between participant choices of right or left image. 
Similarly, in the successive condition, we found no significant dif-
ferences between participant choices of first or second image.
Figure 1 | Changes in the preference choice through development and in adults. The horizontal dashed line (at 50%) indicates chance.
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Our results from adults are in agreement with previous studies, 
showing that face orientation is retained in memory for familiar 
faces (own face and friend’s face), and that this memory influences 
judgment even if adults were not required to answer as to which of 
the two images looked like themselves or their friends. Furthermore, 
the same result was obtained whether the subject was presented 
with dyads in side-by-side or successive modes. Surprisingly, our 
data also suggest that an adult’s memory of the orientation of a 
friend’s face is stronger than the corresponding memory of his/her 
own face in both presentation conditions but particularly if faces 
are shown successively. It has been suggested that people have the 
same ability to recognize the correct orientation of their own or 
another’s face, but with a prominent role of configural informa-
tion in a friend’s face recognition whereas asymmetrically located 
details seems to be more relevant in our own face choice (Bredart, 
2003).
That our results from adults are in agreement with other previ-
ous studies (Mita et al., 1977; Rhodes, 1986; Brady et al., 2004) also 
validates the protocol used here. Furthermore, our study shows 
for the first time that facial orientation seems to be such a salient 
feature in memory that even if a direct comparison between the 
two facial orientations is not possible (due to successive image 
presentation), the standard view affects judgment in the expected 
way. This is particularly evident in the « friend » condition, since 
the proportion of expected answers is the highest. One hypothesis is 
that comparative processing in the side-by-side condition is likely to 
involve a screening strategy in which an active search for differences 
may affect spontaneous answers via more implicit processes.
Beside the issue of the role of perception and expertise in the 
development of highly familiar face memory, the degree of sali-
ence of the hemispheric asymmetries (Brady et al., 2005) and 
the emotional salience when studying self face and familiar face 
processing remain major issues that also require investigation in 
the context of childhood maturation and development (Richards 
and Gross, 2000).
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dIscussIon
This study investigated whether the perception of asymmetries of 
highly familiar faces, already documented in adults (Mita et al., 
1977), is present early in child development. We found that sen-
sitivity to minor facial details such as face orientation around the 
vertical axis could enhance preference after 5 years of age. The 
traditional preference task used in our experiment exploits the 
visual system’s sensitivity to subconscious and conscious details in 
a discriminatory task involving familiarity. Novel to our study is the 
finding of an early and accurate development of the perception and 
memory of facial asymmetries, in accordance with developmental 
data documented in general face processing.
Early developmental studies have already suggested that face 
recognition in childhood undergoes a learning and biological 
maturational process (Blaney and Winograd, 1978; Carey et al., 
1980; Ellis and Flin, 1990; Chung and Thomson, 1995). More recent 
behavioral research has suggested that a standard adult face recog-
nition capability is present in young children with many proper-
ties investigated, including discriminatory effects on perception 
and memory having been observed in 4 year and 5- to 6-year-olds 
respectively (Gilchrist and McKone, 2003; McKone and Boyer, 2006; 
McKone et al., 2009). Our results are in accordance with this general 
framework of the developmental trajectory of face perception and 
memory, suggesting an access to an acute representation of a very 
familiar face, at least after 5 years of age, then reaching full adult 
competence between the ages of 7 and 12 years.
This last development in face processing performances may be 
due to general factors as suggested by differences between results 
in the side-by-side condition and the successive condition in the 
5- to 7-year-old group, which disappear in the eldest group of 7- to 
12-year-old group, consistent with general cognitive development 
theory (Crookes and Mc Kone, 2009). In fact, 5- to 7-year-old chil-
dren did not choose the standard orientation of their parents’ face 
or the mirror orientation of themselves when images were presented 
successively, although they exhibited face orientation sensitivity in 
the side-by-side condition. This may reflect a contribution of the 
cognitive charge, which is stronger in the first condition which is 
likely to involve a combination of acute working memory, atten-
tion, and perception. This finding thus adds new support for the 
hypothesis of early performance in face recognition and memory, 
which is tightly linked to the development of other cognitive func-
tions involved in the process.
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